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NATIONAL ADVISORY COMMITTEE FO,R AERONAUTICS 

TECHNICAL NOTE NO. 942 
-- 

THE SHEAR STRENGTH OF ALUMJNUM ALLOY DRIVEN RIVETS 

AS AFFECTED BY INCREASING D/t RATIOS 

By E. C. Hartmaan and C. Wescoat 

INTRODUCT?ON AND OBJECT 

A decrease in shear strengths for increasing D/t 
ratios was shown in a previous investigation of protrud- 
ing-head aluminum alloy rivets in double shear conducted 
at Aluminum Research Laboratories in 1942. Since single 
shear joints are more common than double shear joints, it 
was desirable to extend the investigation to single shear 
joints. This report describes the r8SultS of this inves- 
tigation of single shear joints and also includes the re- 
sults of the previous investigation on double shear joints. 

MATERIAL AND SPECIMENS 

For all specimens button--head aluminum alloy rivets 
l/2 inch in diameter were used. To obtain a wide range 
of shear strengths rivet alloys 53%0, 538-T61, 53S-T, 
and 175-T were used. The 1'7S-T rivets were driven immedi- 
ately after quenching, and all others were driven in the 
teapers indicated, 24S-T alloy plate and sheet were em- 

ployed in thicknesses of l/2,- 3/8, l/4, 3/16, l/8, 0.081, 
and 0.064 inch. 

.The test panels were made up as shown-in the sketch 
in figure 1. These panels then were cut to provide three 
single butt-strap specimens 8aCh 2% inches wide contain- 
ing one rivet on each sids of the joint, Thicknesses of 
main and strap plates were the ssme except in one group 
where the thicknesses of th8 strap plates were varied; 
while the thickness of. the main plates wss held constant 
at 3/8 inch. 

RESTRICTEP 
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The rivets w8re driven in 33/64-inch drilled and 
reamed holes with con-point heads excspt in one cm8 
where flat--drip& heads were used. 

PROCEPURE 

On8 of the three specimens from each set of three 
for 6nch rivet alloy except 53S-T was tested in tension 
in R 20,000-pound capacity Ansl8r testing machine (Serial 
No. 4725, Type 106ZBDA). Movement of the main plates 
relative to the strap plate in this SpeCimen was m8ssUr8d 
RS indicated in figure 2 by means of fine lines scribed 
across the edges of the plates OppOSit8 the center lines 
of the rivets. The movements were measured as the dis- 
placement of this line at the faying surfaces, the read- 
ings being taken at four locations with-a. hand Brine11 
microscope reading direct to 0.1 nillineter and by esti- 
mation to 0.02 nillin8ter. The remaining two specimens 
of each group of three were tested intension in the 
40,000-pound capacity Amsler testing machine (Serial Bo. 
4318, Type 20ZBDA) without any readings for movements of 
the plate. 

RESULTS AND DISCUSSION 

The results of the tests are-shown in detail in 
table I and are summarized in table II. Figure 3 shows 
the results of the tests plotted to show the decrease in 
shear strength resulting from an increase in the baaring 
stress on the rivets. Ratios of shear strength to basic 
shear strength are used as ordinates and ratios of bear- 
ing stress to basic shear strength RS abscissas, thus 
providing e nondimensional plot of the test results. 
Basic shear strength as used here is the shear strength 
obtained when the ratio of rivet diameter D to plRt8 
thickness t is unity (D/t = 1). 

A study of table II and figure 3 indicates that the 
ratio of.shear strength to basic shear strength reduces 
at nearly the same rnte regardless of rivet dlloys. The 
single shear strength starts to drop off noticeably when 
the beering strength exceeds about & times the basic 
shear strength. A dotted curve has b88n drawn in figure 
3 to show the trend of the double shear tests data in 
table III taken from the previous report. It 18 evident 
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that the decrease of double shear strength starts at about 
the same value of bearing strength as the decrease in 

, single shear strength but that the reductfon is more rapid 
in the double shear than in the single shear tests. 

The data in figure 3 have been replotted in figure 4 
using diameter-to-thickness ratios as abscissas. In this 
figure a simple straight line has been drawn to indicate 
the trend of the data. Such a straight line appears to 
be a close enough approximation of the test results to be 
useful for establishing allowable design values in actual 
practice, Using such a straight-line formula, a simple 
rule could be written for allowable single shear strength 
of protrudinehead aluminum alloy rivets driven in alumf- 
num alloy plate8 as follows: , 

For values of D/t up to 3, 

Single shear strength = basic aflowable single shear 
strength 

For values of D/t greater than 3, 

Single shear strength = basic allowable single shear 
strengthx cl- Cf.04 (D/t- 313, 

where 

D nominal diameter of rivet, inch 

t thickness of plate, inch 

She fact that a straight-line formula seems to be 
acceptable in the case of single shear tests suggests 
that a similar straight-line formula might well be used 
in connection with double shear tests. Having thLs in 
mind, the double shear data in table III taken from the 
previous report have been replotted in figure 5; and, 
based on this replot, the folloxiing rule can be stated 
for determining the double shear strength of protruding 

m head aluminum alloy rivets in aluminum alloy plates: 

For values of D/t up to 1.5, 

Double shear strength = basic allowable double shear 
strength 
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For values of D/t ;greater than 1?5, 

Double shear strength = basic allowable double shear * 
strength Y cl- 0.13 (D/t - 1.5)]. 

In aircraft design the present method of taking ac- 
count of the reduced shear strength of rivets resulting 
from increasing D/t ratios is to limit the allowable 
bearing stress on the rivets to 3g times the basic shear 
strength. (See reference 1.) Figure 6 shows a compari- 
son of this present rule with the proposed new rules in 
double shear and single shear. The small area marked rlA1l 
in each figure indicates the range in which the proposed 
new rule is slightly more conservative (up to 8 percent} 
than the present rule, and the large area marked aB't in 
each figure indicates th-e range in which the proposed new 
rule gives higher allowable values than the present rule. 

These differences are further brought au% in table 
IV which shows allowable rivet values based on current 
allowable stresses given in ANC-5 and those which would 
result from the application of the proposed new rules. It 
should be emphasized that throughout this discussion only 
protruding-head rivets are under consideration and that 
the proposed rules are not intended to apply to counter- 
sunk rivets. 

Figure8 7, 8, 9,‘ and 10 show the plotted data from 
the measurements of plate movement in the various tests. 
In order to establish some measure of first yielding in 
the specimens the same criterion previously used in bear- 
ing. tests of aluminum alloys has been adopted; namely, 
the yield load is considered to be the load at which the 
permanent set per plate is equal to 2 percent of the hola 
diameter. Since in these specimens there were two plates 
of identical thickness involved in each measurement of 
movement, the total mmement defining the yield load is 
twice 2 percent or 4 percent of the hole diameter, and 
this is the point marked on each of the curves. The re- 
sulting yield loads are listed in table I together with 
the corresponding shear and bearing stresses. 

A study of the bearing stresses at the yield load in 
table I indicates that in no case was this bearing stress 
equal to the typical bearing yield strength of the 245-T 
plates.* S.inco none of the bearing stresses at the yield 
load equals the bearing yield strength of the plates, it 

*The typical bearing yield strength of-the 24$-T plates 
is calculated to be 46,000 ‘X 1.6 = 73,600 psi. 
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may be safely assumed *that the yielding is primarily in 
the rivets; and, therefore, the shear stress correspond- 
ing to the yield load is probably more significant than 
the bearing stress. These shear stresses have been sum- 
narized in table II as shear yield strengths of the rivets. 
In the last column of the table the ratio of these shear 
yield strengths to the corresponding shear strengths is 
listed, and it will be noted that the minimum value of 
this ratio is 0.83. 
above 2/3, 

Since this ratio is considerably 
it would appear that shear yield strength of 

rivets would never be a controlling feature in the design, 
and for this reason no further consideration will be given 
to shear yield strength in this report. 

. 
In one group of specimens involving 53%1161 rivets a 

study was made of the effect of varying the thickness of 
the strap plate while holding the thickness of the main 
glate constant. The results of this study may be found 

L listed with the rest of the values for the 538~T61 rivats 
in table II. Referring to the column of ratios of shear 

. strength to basic shear strength. for 538-T61 rivets in 
o- table II and comparing the third value with the sixth, 

the fourth wPth the seventh, and the fifth with the eighth, 
it becomes evident that there is practically no difference 
in the results whether the main plate is the same thick- 
ness as the strap plate or whether it is thicker than*the 
strap plate. This indfoates that'the results of this fn- 
vestigation may be applied generally to single shear rivets 
without regard to the exact proportions of the riveted I 
joints. 

.’ 

CONCLUS ION6 

The following conclusions are based on tests of l/2- 
inch-diameter protrudiaehead aluminum alloy rivets driven 

. in aluminum alloy plates of various thicknesses: 

1. The single and double shear strength of pratrud- 
ing head,aluminum alloy rivets driven in aluminum alloy 
plates decrsases below the "basics value if the bearing 
stress exceeds about 23 times the shear stress On the 
rivet. The rate of decrease of shear strength is greater 
with double shear than with single shear rivets as shown 
in figure 3. 
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2~ Through the use of simple strafght-line formulas 
the shear strength of protruding-head aluminum alloy 
rivets driven in aluminum alloy Plate can be readily pre- 
dicted for various plate or sheet thicknesses as follows: 

SiagLe Shear 

For values of D/t up to 3, 

Single shear strength = basic allowable singlqshear 
strength 

For values of D/t greater than 3, 

Single shsar strength = basic allowable sfhgle shear 
strength X.(:1-0.04 (D/t - 3)3, 

where 

D nominal diameter of rivet, inch 

t thickness of plate, inch 

. 6. 

Double Shear 

For values of D/t up to 1,5, 

Pouble shear strength = basic allowable double shear 
strength 

For values of D/t greater than 1.5, 

Double shear strength = basic allowable double shear 
strength X.t'I- 0.13 (D/t - 1.5)1. 

Aluminum Research Laboratories, 
Aluminum Company of America, 

New Kensington, Pa., March 31, 1944. 

REFERENCE 

1, Anon.: Strength of Aircraft Elements, 
ment 1, Oct. 22, 1943, tables 5-14. 

ABC-5, Amend- 



~I.-SI~SOI;&~TEST~~~DBX~~~IMIMBLLOYBI~SIN~~S-IC~YPL~TE 
[All rivets l/2 in. 3.n diameter driven with cone-point heads in 33/64-ia.die;neter holes; 

shear area = 0.2088 sq in.1 

Flat6 thickness Bearing 2 
SpOdJQ~ (in.) l!kahal aJ%a Load (lb) Shear Mresa (psi) 

Strap biab D/t : (sq in.) Yield* nthate 
Boaring atross (psi) P 

Yield ult3mato Yield Ultimate 
9 53s-o Rivets 

1 

: 
AV. 

1 

; 
Av. 

1 

; 
AV. 

112 If2 

318 3/s 

. l/4 l/4 

3116 3/16 

1/g 119 

O.OSl 0.081 

.064 .064 

.l.OO 0.2ge; 1950 

* 

'233 

2320 

5. . 9,340 

-1934 

1950 
2020 

9.670 10,430 
.2&O .,=L%9 

s 

1990 

9,530 

9.530 

9,050 

9,150 

-- 

10,9QQ 

10,910 

l.Q ,900 

10,730 

10,240 

9&m 

8,570 

15 &Q 

I. 

; 
AT. 

2.67. -0967 

20,600 23,160 
1 

; 
Av. 

4.00 .0645 

E% 
1ergo 

2260 
2225 

35 

2.60 
2J-35 
2120 
2140 

3 

: 
Av. 

6.17 .Qh7 

1 

5 
8-f. 

7*a ho330 

lgga 

1910 

igi6 
'd0lle 

*See footnote on p. 10. gone 

2070 
2020 

sg 

?%? 
&5 
1790 54,240 I 



A . 
. 1 * 1 

-llQBm I.- (continued) 

Plate thickness 
spechen (in.) 

B-wing 
Nominal area Lciad (lb) Shoar Wxss (pei) soaring tiross (psi) 2 

Strap Ma@ a/t bq in*> yioPi* Klti;nate Yield mtimato Yield mtimato ; 

1 
2 
3 

Av. 
1 

5 
hv. 

1 

f 
av. 

I. 
2 
3 

Av. 
1 

3' 
Av. 

1 

3' 
AV. 

1 

3is: 

112 

3/g 

1.00 0.257s 

l-33 .19P 

l/4 l/4 2.00 ml289 

3116 3/16 2.67 -0967 

114 

3116 

1/g 

3/g 

3/g 

.4.00 l Q645 

2.00 .126g 

2.67 l 67 

*See footnote on p. 10. 

53s-rr61 Bivot s 
3i3ne 

Bono 
4750 

4150 
4650 

K 
None 

iiiz 
None 

NO323 

NOlU3 

Kiz 

None 

Bone 

22,750 23,&O 24,550 25,320 

22,270 23,350 36,100 

--I 

--es- 

23,160 

22,110 

-s---e 

---- 

w--... 

--- 

23,120 

23,450 

2j,lSO 



1 
2 
3 

Av. 

1 

; 
hv. 

1 

f 
Av. 

1 

:’ 
Av. 

1 

T 
Av. 

1 

Av. 

3/g 4.00 0.0645 

112 1.00 .2fjp 

x*33 .1934 

114 2.00 .12gy 

3116 2.67 .w67 

4.00 -0% 

*See foatnato on p-10. 

None 

Hone 
NOW 

Bone 
Xone 

bne 

Hone 

KG 

Hone 

U,PO 

-- 

-^---- 

. 
---- 

26,570 21,54Jo 

26,340 26,420 

---- 

--- 

--w-w 

--.m 

---- 

kg00 

26,320 56,e;oo 

% 

25,020 Kl,OOO 



1 . 

!CBBU I.- (ConWaued 

Plato tbickaess Bearing 
Specimen (in.) Haminal area Loa& (lb) Skmr stress (psi). Bearing stress (OBi) z 

Strap ExLn D/t (sg in.1 Yield* Ultimate Yield Ultimate Yield Ultimate g 

17S-T Rivets z 
u 

1 .1/z l/2 1.00 0.25p 67~ 
::E 

0 
. 

; 
Av. 6700 E 32,W 35,320 25,900 2S,610 E 

1 3/g 318 l-33 -1934 Non0 2 f$ii 
3 

Av. bTone ,fg 1-1 3’vN ----- 37lSO 

1 114 114 2.00 .12gg 6200 7290 

; 72go 7260 
Av. ,620o 7275 29,6go 34450 48SlQQ 56260 

mere word "none" appears, no y5eld was obtdned 'because specimen failed before required permanent set 
‘(2 B~cent of hole diameter) ms rea&& 
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T.!zm II.- fiUH&W OBDATA KUOIf SIKGLE SE&UZTZ3STS 

” . I 

. shear 
Stress t 

Rivet, Thickness (in.) ~omfnal failure psi) t 
.@la 

BS SYS 2 
D/t shear Beer% sss ii% . 0 

alloy G?.h stmp B 
El 

53s-o 

53sa61 

53S-9 

176-T 

112 
3/g 
l/4 

g- 
o.oa 

.064 

l/2 
3/g 
l/4 
3116 
1/g 
31s 
3/g 
3/g 

l/2 
3/g 
114 
3/36 
1/g 

112 
3/g 
l/Q 

l/2 
3/g 
114 
3/16 
1/g 
0.081 

.064 

i:; 
27 
4.00 
2.00 
t.2 

. 

1.00 
l-33 
2.00 

2; 

1.00 

zz . 

10,yoo 
10,310 
10,Y~ 
10,730 
10,240 

E%' 9 

23,120 
23,450 
23,350 
23,160 
22,110 
23&o 
23,180 
Wj60 

2Q570 

2 t k 
26:320 
25,020 

2xg S. 
--WV 
----- 
--- 
--- 
~,WJ 

32,090 

29,690 

1.00 
Ei 
;g 
-79' 

1.00 
1.01 
1.01 
1.00 

-96 
1.01 
1.00 

-97 

1.00 

i:: 
199 
.94 

1.00 
-98 

-.99 

0.a 
1.08 
1.62 
2.12 

$$ 
. 

..a 
1.10 
1.64 
2.16 
3.10 
1.64 
2.16 
3.13 

.a 
1.07 
1.62 
2.14 
3.05 

0.81 
1.06 
1.60 

0.86 e 

--- 
.92 

m--- 

--- 

-91 --- A4 
D Nomid. diameter of ripet, in. 

:S 
!PhicknesE of plate, in. 

Shear strmgth of rivet, psi 
BSS Basic shear strength (shear streugth wken D/t = l), psi. 
as Bearing stress on rivet, psi. 
All failures by &earing of rivets. 
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TABLE III.- SUMMARY DATA FRON DOUBLE,SXEAR TESTS 

FROM PREVIOUS REPORT (42-48) 

. h/2-in. rivets. in 33/64-in. holes] 

Illvet 
alloy 

'Stress i2.t 
PXs&e Nominal failure (psi) ss 3s 
alloy .D/t sbar Bearing z-s ass 

3s 
3s 
3s 
3s 
3s 

L 53%w 
53S--v 
53s--w 

. 53s-w 
53s--w 

53s--w 
535-V 
53s--w 

175-T 1.00 
17S-T 1.33 
17S-T 2.00 
l?S-T . 2.67 
17s-!l? 4.00 

17S-T 1.00 
175-T 1.33 
17s.T 2.00 
17s-T 2.67 
17s-T 4.00 

53S-T 1.00 
53S-T 1.33 
53s--'I 2.00 

13,780 '. 22,410 1.00 1.63 
13,700 29,730 1.00 a 2.16 
13,090 42,220 .95 3.06 
11,560 49,470 .84 3.59 

9,580 61,070 ..70 4.44 

21,660 35,100 1.00 1.62 
21,150 45,820 .98 2.11 
19,700 63,640 .91 2.94 l 

17,880 76,370 .83 3.52 
15,070 96,030 l 70 4.43 

23,470 38,560 1.00 1.64 
23,830 51,880 1.01 2.21 
22,500 72i750 .96 3.10 

D Xominal.diameter of rivet, in, 
t Thicknese of plate, fn.‘ . 

ss Shear strength of rivet, psi 
BSS Basic shear strength (shear strength when D/t = l), PSI 

BS Bearing etress on rivet, psi 

All failures bg shearing of rfvets. 

. 
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TABLE IV.- COMPARISON OF ALLOWAB&E RIVET VALUJZS 

BY PRESENT AND PROPOSED NZU RULES 

&ill values are for 3/16-&z; diameter 8175-T rivets in 
0.19 l--.ifL. diameter holes in 24S--T sheet using an edge 

. distance of 3/8 inch (e = 2D)3 

AlLowable bearing stress on sheet = 120,000" psi, 
Allowable bearing gtiress on rivet = 130,000* psi, 
Basic allowable shear stress on rivet = 3O,OOO* psi. 
Shear area = 0.0286 sq in. 
D Xominal diametsr of rivet, fn. 

Sheet Allowable value for one rivet (lb) 
thickness, Sinffle shear Double shear 

(ii.) D/t 
Present Proposed Present Proposed 

rule new rule rule new rule 

3/16 

5/32 

l/8 

0.102 

,081 

.064 

,051 

,040 

,032 

1.00. 

1.20 

1.50 

1.84 

2.31 

2.93 

3.68 

4.69 

5.86 

860 

860 

860 

860. 

860 

860 

860 

765 

611 

860 

860 

860 

860 

860 - 

860 

836 

802 

733** 

1720' 

1720 

1720 

1720 

1548 

1222 

975 

765 

611 

1720 

1720 

1720 

1645 

1540 

1400 

1170** 

915.a' 

733** 

*See reference 1 (Army-Navy values), 
**Controlled by bearing on sheet. . 
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Figure l.- Specimen for single shear tests on driven rivets‘(1/2n dia.) all boles 33/W" dia. 
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0 

0 

Fig. 2 

Displacement of plates read with a 
Brine11 hand microscope. 

(displacement exaggerated) 

Readings for movement of plates taken at 
four locations on cehterline of rivets. 

Figure 2.- 
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0 53S-0 rivets 

A 533-161 rivets 
+53$&T rivets 
x 17%I ? rivets 

I I I IL/ I .2 

i . 

1 0’ I , 
0 1.0 . 2.0 3.0 4.0 

.Bsaring stress, psi 
Basic shear strength, psi 

5.0 

All rivets l/2 inch in diameter driven with ccne-point heads 
tested in single shear in 2&S-T plates. Each plotted pcint 
rapresents average of at least three tests. 

Figure 3.- Dacrease in shear strangth caused by increasing 
bearing stresses. '; .- . 



53s-T61 rivets 53s-T61 rivets 

53S-T rivets 53S-T rivets 
17%T rivets 17%T rivets 

.U 0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 
D/t 

8.0 

Al.1 rivets l/2 Inch in diameter, driven with cone-point heads, tasted in single shear in 246-T 
plates. Each plotted point represents average of at load, three tests. 

. 
Fibme 4.- Decreaee in shear strength cautxd by increasing D/t ratio, single shoar, lb. 
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shear tests f 
s 1.0 - 0.13 (D/t - 1.5) 

jf 
” X 

.5 

I 
D 
t 

3s rivets in 1X-T plates 1 1 

53S-W rivets in 17%T plates 
53%W rivets in 53S-T plates 

= Nomin&l diameter of rivet, in. 
= Thickness of plate, in. 1 I \ 

I I I 
I I 

1 

n .= 
i ,I i 

0 1.0 2.0 3.0 4.0 5.0 
D/t 

kL1 rivets l/2 inch in diameter driven with cone-point heads 
and tested 121 double shear. Each plotted point represents the 
average of at least two tests. 

Ir'igure 5.0 Decreaee in shear strength caused by increasing D/t 
ratio, double shear, : 
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. 

. 

1.0 

.a 

I ft .6 

.6 

I 

! I 
Doubly sheai 

. 

Figura 6.0 Comparison of present rule an& proposed new rules 
for effect of D/t on shear values, aluminum alloy. 
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I 
l/2.&. plates 3/&in. p1sees 

I 
114-h. plates 3/l&in. plrtad 

I I I 
l/B-h. plates 

0, I I I I I I 
I 

Movement Of etrap plate relative to main plate, in. 

each plottea point la .reraga of four readings. 

ligure E.- L-md-defommation curwe for single nheu: riveted jolnte, 53E-Ttil rivets, 248-T plate. rl 
# . 
m 

I- 
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I f- I 

I 
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2000 p 

I 
I I 

P a D 

1000 I I d I 
” 

JfltLin. atrap 1/04n. strap 
3/0-in. 

Od 
main plrte 3/B-in. main plate 3/0-b main plate 

Movement of rtrap plate relative to main plate, in. 

Each plotted point ia average of four readingr. 

Figure 9.- Load-deformation ourve~ for single ahear riveted jolnte, 63%T61 rlvetr, a4S-T plate. ‘;i A . 
co 



‘I 

5 b . r +. * 

7ooo- I 
.o 

I / 
d ' 

/ 
0000 

i- 

/f 
Ir 

/ / 

5000 I I I I II/ I I I I I II/ ,,, 

a000 - 

Movement of mtrrp plate rrlativs to -rain plate, in. 

Pah plottsd point is roerags Of’fOur rmdinga. 

rigore lO.- I.ad-dsformation curve. for lring1s rtlsar riveted jolntr, 178-T r1vetn, 848-T Plato. 

I 


